The activity concentrations of the natural radionuclides namely 238 U, 232 Th, 40 K and 137 Cs are measured for soil samples collected from different locations of Tulkarem district in West Back-Palestine. High-resolution gamma spectrometry (HPGe detector) was used to determine the activity concentration of these radionuclides in 72 surface soil samples taken from areas in and surrounding Tulkarem city. The concentration of 238 U varied in the range 9.7 -83. . The results have been compared with those of different countries of the world and Palestine. To assess the radiological hazard of the natural radioactivity, the absorbed dose rate (D r ), the radium equivalent activity (Ra eq ), the effective dose rate (E eff ), the annual effective dose equivalent (AEDE), Excess Lifetime Cancer Risk (ELCR), the radioactivity level index (I γ ), and the external (H ex ) and internal (H in ) hazard indices were calculated. It can be concluded that no risk may threat the residents around and center of Tulkarem city except some areas which activity due to fallout 137 Cs were high concentration levels. Hence the probability of occurrence of any of the health effects of radiation is low. Hence, measurements have been taken as representing baseline values of these radionuclides in the soil in studying area.
Introduction
Natural radioactivity is a source of continuous exposure to human beings. It is present in the human environment due to the presence of cosmogenic and primordial radionuclides in the Earth's crust. Natural environmental radioactivity and the associated external exposure due to gamma radiation depend primarily on the geological and geographical conditions, and appear at different levels in the soil of each region in the world [1] . Cosmogenic radionuclides are produced by the interaction of cosmicrays with atomic nuclei in the atmosphere, while primordial ones (terrestrial background radiation) were formed by the process of nucleo-synthesis [2] .
The great interest expressed worldwide for the study of naturally occurring radiation and environmental radioactivity has led to interest in extensive surveys in many countries. Natural sources still contribute almost 80% of the collective radiation exposure of the world's population. There are many sources of radiation and radioactivity in the environment. Gamma radiation emitted from naturally occurring radionuclides, also called terrestrial background radiation, represent the main external source of irradiation of the human body [3, 4] . Significant amount of man-made radionuclides 137 Cs and 90 Sr may also present in the soil and plant as a result of testing of nuclear weapons in the atmosphere, accidents, such as Chernobyl accident, and the routine discharge of radionuclides from nuclear installations. The contribution of other nuclides to the total activity is negligible [4] . Once present in the environment, these radionuclides, whether natural or artificial, are available for uptake by plants and animals and so make their way into the food chain [5] . Human beings are exposed to radiation from sources outside their bodies; mainly, cosmic rays and gamma ray emitters in soils, building materials, water, food, and air.
Studying the levels of radionuclide distribution in the environment provides essential radiological information [3] . The amount of radioactivity in soil varies widely; hence it is important to monitor the terrestrial background radiation mainly due to natural radionuclides in soil [6] . Soil from waste dump sites may contain naturally occurring radionuclides in significant amounts and the resulting external radiation exposure pathway to the population has been subjects for study [7] . Many studies worldwide have measured the activity concentration of natural radionuclides in soil to ascertain the levels of contamination [3, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
The present work aims to estimate the activity concentration of radionuclides 226 Ra, 232 Th, and 40 K and manmade radionuclide 137 Cs in soil samples collected from Tulkarem province-West Bank-Palestine, and to evaluate the radiological indices and their effects on the population who live in this environment. Therefore, the results were used to assess the potential radiological hazards associated with these soils by estimating the radiological indices. Data on the radioactivity levels of soil in this province is not known previously.
Tulkarem province is located at the northwest of West
Bank region-Palestine, as seen in Figure 1 . The areas have a general elevation of 200 -450 meters above sea level. The province is densely populated (250 thousand people) with the highest concentration of local dwellings, farmers and large scale manufacturing industries. These industries coupled with wage increases account for the magnitude of waste generated in these areas.
Experimental Procedure

Sample Collection and Sample Processing
A total of 72 surface soil samples in twelve major sites were collected from the city and villages of the Tulkarem district. Th with their daughter nuclei. This means in order to allow for radon and its short-lived progenies to reach secular radioactive equilibrium prior to gamma spectroscopy [13] .
Calibration and Energy Lines
The activity concentrations of 226 137 Cs were determined directly from the 1460.8 and 661.6 keV gamma lines, respectively. The net count rate under the most prominent photo peaks of all radionuclides daughter peaks were calculated by subtracting the respective count rate from the background spectrum obtained for the same counting time. Then the activity of the radionuclide is calculated from the background subtracted area prominent gamma ray energies [17] .
Theoretical Calculations
The Activity Concentration
The activity concentrations of the radionuclides in the measured samples were computed using the following relation [13] :
where Ca is the net gamma counting rate (counts per second), ε ff the detector efficiency of the specific γ-ray, I
is the intensity of the -line in a radionuclide and M s is the mass of the sample (kg).
Radiological Effects
The Radium Equivalent Activity (Ra eq )
For the purpose of comparing the radiological effect or activity of materials that contain 226 Ra, 232 Th and 40 K by a single quantity, which takes into account the radiation hazards associated with them, a common index termed the radium equivalent activity (Ra eq ) is used. This activeity index provides a useful guideline in regulating the safety standards on radiation protection for the general public residing in the area under investigation. The Ra eq index represents a weighted sum of activities of the above mentioned natural radionuclides and is based on the estimation that 1 Bq·kg K produces the same gamma radiation dose rates. The index is given as:
where C Ra , C Th and C K are the average activity concentration in the sample in Bq·kg -1 of 226 Ra, 232 Th, and 40 K respectively [13] .
The Absorbed Dose Rate
The absorbed dose rate (D r ) in air at average gonad height of one meter above the surface of ground due to the natural radionuclides 226 Ra, 232 Th and 40 K was estimated using the formula given as [18] : 
where E γ is the average annual effective dose and D r is the absorbed dose rate in air. This calculation takes into account that the people spend 20% of their time outdoors.
The Annual Effective Dose Equivalent
The annual effective dose equivalent (AEDE) to the population can be calculated using the conversion coefficient from absorbed dose in air to effective dose (0.7 Sv·Gy ) the indoor to outdoor ratio (1.4), the outdoor occupancy factor 0.2 and the indoor occupancy factor 0.8. Therefore, the annual effective doses outdoors and indoors equivalent are calculated by using the relations [13, 19] : 
The External and Internal Hazard Index
The external (H ex ) and internal (H in ) hazard index due to the emitted -rays of the soil samples were calculated and examined according to the following criterion:
and Ra Th K 185 259 4810
The value of H ex must be lower than unity in order to keep the radiation hazard insignificant. This is the radiation exposure due to the radioactivity from a construction material, limited to 1.5 mGy·y −1 . The maximum values of H ex equal to unity correspond to the upper limit of Ra eq (370 Bq·kg −1 ) [20] . An additional hazard index so called representative (radioactivity) level index was calculated by using the formula [21] :
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The value of I γ must be less than unity in order to keep the radiation hazard insignificant.
Results and Discussion
The Activity Concentration
The results of analysis of activity concentration of 238 U, 232 Th, 40 K and 137 Cs radionuclides in soil samples for different locations of the study area are presented in ( Table 1) .
The range of measured activity of 238 U in the soil of Tulkarem province was 9.7 to 83.5 Bq·kg −1 with an average of 34.5 Bq·kg −1 . The minimum value obtained in sample code TSS-14 (Bala'a village) and a maximum for the sample code TSS-34 (Tulkarem city). The differences are attributable to the geochemical composition and origin of soil types in a particular area. [1, 4] . The recorded high values of the radionuclides in some soil samples may be due to the presence of radioactive-rich granite, phosphate, sandstone and quartzite.
Also, we see from Table 1 that, the activity concentration of uranium is higher than thorium in all samples, which is evident from the fact that the average uranium is 1.5 times higher than that of the average thorium in earth's crust in this region. It is also observed that the measured activity concentration of 40 K exceeds markedly the values of both Uranium and Thorium, as it is the most abundant radioactive element under consideration. Moreover the excessive use of the Potassium containing fertilizers in the area adjacent to the sampling sites may contribute to the higher values of Cs, which would come down to this part of the earth from the atmosphere following the nuclear power plant accidents, worldwide nuclear explosion and other previous test of nuclear devices around the world, was considered in all of the locations to obtain an estimate of fallout in most samples.
The value of activity concentration of 137 Cs in all the samples ranges between 1.0 Bq·kg -1 to 24. 5 Bq·kg -1 with an average value of 7.8 Bq·kg -1 . The minimum value obtained in sample code TSS-7 (Irtah village) and a maximum for the sample code TSS-28 (Alkafreat). After the completion of the study, we found that most of the samples contain the activity concentration of 137 Cs. This high concentration can lead to health problems for the inhabitants of that region. In some samples, 137 Cs concentration was low; this might be due to the presence of dense vegetation in the land of the studied samples. The less values of fall out may be due to erosion of 137 Cs by rain from the area, the winds, cattle grazing, harvest etc. or some other reason [22] . Table 2 shows the radiological effects such as: the radium equivalent, the absorbed dose rate, the effective dose rate, external and internal hazard index and radioactivity level index of the soil samples collected from region under investigation. Table 2 . The radium equivalent (Ra eq ), the absorbed dose rate (D r ), the effective dose rate (E γ ), external (H ex ) and internal (H in ) hazard index and radioactivity level index (I γ ) of the soil samples collected from Tulkarem district-West bank-Palestine. Using above equations, the radium equivalent activity found in the soil samples are shown in ( Table 2 ). The radium equivalent activity (Ra eq ) calculated for the same soil samples vary from 25. . It is inferred that for all the soil samples analyzed, the radium equivalent activity value is well within and less the permissible limits of 370 Bq·kg -1 . The calculated absorbed dose rate varied from 11.5 to 82.7 nGy·h -1 , with an average value of 35.5 nGy·h -1 . The weighted mean value of 35.5 nGy·h -1 represents 65% of the world average outdoor exposure due to terrestrial gamma radiation (55 nGy·h -1 , according to UNSCEAR, 1993 UNSCEAR, , 2000 [1, 4] . Thus, the radioactive impact and the additional external radiation exposure for population due to soils were negligible, and consequently, the possible increase might be due to: 1) radon flux from the soil; 2) uptake by plants; 3) natural alpha activity of food products must be minimal. The recorded value in study area for most samples, are important for health, which indicates no hazard effects to the people living there. The calculated annual effective dose equivalent varies 14.2 to 101.5 µSv/yr with an average value of 44 µSv/yr and these results lie within the world wide average values reported by UNSCEAR, although it remains within the dose criterion of 1mSv/yr recommended by ICRP [1, 23] .
Radiological Effects
The ultimate use of the activity measured in the soil samples is to measure the radiation dose delivered externally in the form of gamma dose. The external hazard indexes (H ex ) were calculated from 0.07 to 0.48, with an average value of the 0.21; the calculated average values were less than the acceptable value (1.5 mGy·y -1 ). These radionuclides are a few sources of radon ( 222 Rn) and its radioactive progeny. The internal exposure by radon and its progeny is controlled by the internal hazard index H in . H in ranged between 0.10 and 0.71 with an average value of the 0.30 and less than 1 is suggested for materials used for house construction.
The calculated I γ values for all the samples are presented in (Table2). The values range from 0.18 to1.27 with an average of 0.55. The calculated values for most samples were lower than the international values (I γ < 1), which corresponds to an annual effective dose < 0.3 mSv/y.
The calculated indoor and outdoor AEDE values are quoted in (Table 3) . The results of outdoor, indoor and average effective dose for Tulkarem district are 0.05, 0.23 and 0.28 mSv·y -1 , respectively. It can be seen that the above-mentioned values were lower than the corresponding worldwide values of 0.08, 0.42 and 0.50 mSv·y -1 , respectively [1] .
Generally similar type of trend is observed in all the samples and no regular trend in the variation in the annual effective dose and absorbed dose rare is observed from the soil samples. Our results for average annual effective dose are within the range of world average value. 
Excess Lifetime Cancer Risk
Excess Lifetime Cancer Risk (ELCR) is calculated using below equation [24] , and shown in (Table 3) .
ELCR AEDE DL RF
where AEDE, DL and RF are the total annual effective dose equivalent (in µSv·yr -1 ), duration of life (70 years) and risk factor (Sv . According to these results, the risk of cancer is negligible.
Conclusions
Gamma ray spectrometry was exploited to determine activity concentration due to naturally occurring Cs are 34.5, 23.8, 120.0, and 7.8 Bq·kg -1 respectively. These average activity concentrations were lower than the world average values. It is concluded that no harmful radiation effects were posed to the population who live in the study area.
The average dose rates and other calculated hazard indices were lower than the average national and world recommended values, therefore, did not pose health risks to the population of the area. The total annual effective dose was lower than the 1 mSv·yr -1 dose limit recommended by the ICRP for public radiation exposure control. The results in this study compared well with other studies carried out in other countries and with the worldwide average activity concentrations. This study also showed that risk of cancer is negligible in the region under investigation. This study is considered to be first conducted in this area (North west bank), so we recommend that this study can be used as a baseline for information or further research.
